1. Isolated mouse spleen lymphocytes hydrolysed UDP-galactose added to the medium. Nucleotide pyrophosphatase activity that accounted for this hydrolysis was enriched to a similar extent as alaine phosphodiesterase and 5'-nucleotidase in a lymphocyte plasma-membrane fraction. 2. The cell surfaces ofmouse spleen and thymus lymphocytes were iodinated with 125I by using the lactoperoxidase-catalysis method. Detergent extracts of the cells were mixed with a purified anti-(mouse liver plasma-membrane nucleotide pyrophosphatase) antiserum and the immunoprecipitates analysed by polyacrylamide-gel electrophoresis. Only one major radioactive component, similar in size (apparent mol.wt. 110000-130000) to the liver enzyme, was observed. 3. Electrophoresis of an iodinated spleen plasma-membrane fraction indicated peaks of radioactivity, including one of apparent mol.wt. 110000-130000. 4. When detergent extracts of spleen lymphocytes were passed through a Sepharose-bead column conaining covalently attached anti-(nucleotide pyrophosphatase) antiserum, the nucleotide pyrophosphatase activity was retained by the beads, whereas protein and leucine naphthylamidase activity were eluted. 5. The results indicate that nucleotide pyrophosphatase and alkaline phosphodiesterase activities are due to the location of the same or similar enzymes at the outer aspect of the lymphocyte plasma membrane. Some possible functions of enzymes at this location are discussed.
Plasma-membrane enzymes whose active sites face the external medium rather than the cytoplasm have been designated 'ectoenzymes' (De Pierre & Karnovsky, 1974a) . It now appears that a number of mammalian plasma-membrane marker enzymes can be classified as ectoenzymes (De Pierre & Karnovsky, 1974b; Trans &Lauter, 1974) and that these enzymes, when located in d'ifferent tissues and organs may possess similar properties (Riemer & Widnell, 1975) . Nucleotide pyrophosphatase was shown to be an ectoenzyme in hepatocytes (Evans, 1974; Bischoff et al., 1976) , and in various cultured cell lines (Sela et al., 1972; Deppert et al., 1974 immunoglobulin-bearing cells (B-lymphocytes) respectively. Also, spleen lymphocytes from these mice contained less than 5% of cells with the antigenic determinant Thy-i on their surface; this antigen has been shown to be a marker for T-lymphocytes (Reif & Allen, 1964) . A lymphocyte plasmamembrane fraction was prepared from male mice, 6 months old, of the CBA/Ca strain.
Preparation ofantiserum
Nucleotide pyrophosphatase was purified from a sarcosyl extract of mouse liver plasma membranes by rate-zonal centrifugation in sucrose/sarcosyl gradients, followed by gel filtration (Evans et al., 1973) . Polyacrylamide-gel electrophoresis and chemical analyses indicated that the enzyme was a sialoglycoprotein of apparent mol.wt. 120000-130000. Antiserum, raised in rabbits against the purified enzyme suspended in Freund's complete adjuvant (Difco Labs., Detroit, MI, U.S.A.), was purified as a y-globulin fraction by (NHA2SO4 precipitation and gel filtration on Sephadex G-200 columns (120cmx2.5cm) (Gurd et al., 1972 (Davidson & Parish, 1975) . The lymphocytes present at the interface were collected, and resuspended in phosphate-buffered saline, pH 7.4, containing 10mm-glucose. They were then divided into two equal portions, one of which was homogenized in a small tight-fitting homogenizer, and the breakdown of UDP-galactose determined immediately as described below.
Preparation ofplasma membranes
A plasma-membrane fraction was prepared from washed spleen lymphocytes of 70 mice. Spleen cell suspensions were prepared by mincing the organs in a Moulinex parsley mincer with Hanks gelatin (Dresser & Greaves, 1973) (Crumpton & Snary, 1974 anti-(rabbit immunoglobulin G) sum (lOO,ul).
The resulting precipitate was removed by centrifugation, and then further precipitation was effected by addition of rabbit anti-(mouse plasmamembrane nucleotide pyrophosphatase) antiserum (1204ug) and, after 30min, goat anti-(rabbit immunoglobulin G) serum-(lOOpl). The immunological precipitations were performed at 4°C. Specific precipitates were washed three times with ice-cold 0.5% Nonidet P40 in phosphate-buffered saline (see above for composition), once with 50mM-sodium phosphate, pH7, and then dissolved by heating at OOC for lOmin in 50mm-Na2HP04/NaH2PO4, pH 7.0, containing2 % (w/v) sodiumdodecyl sulphate. When the samples were reduced, the solvent also included 1 mM-dithiothreitol and iodoacetamide was added (final concn. 100mM) after the heating step; for non-reduced samples iodoacetamide was present at 100mM. Internal 13II-labelled markers (Abney & Parkhouse, 1974) were added to the samples, which were then resolved by sodium dodecyl sulphate/polyacrylamide-gal electrophoresis (Summers et al., 1965) . After electrophoresis the gels were sliced into 1mm segments and radioactivity was determined by using a gamma counter (Packard model 5230). Lymphocyte plasma membranes washed in 0.15M-NaCI/5mM-Tris/HCl buffer, pH7.4, were iodinated by using lactoperoxidase, and a glucose/glucose oxidase enzymic system was used to generate H202 (Hubbard & Cohn, 1973; Evans, 1974 (Evans, 1974) .
Enzymic determinations
5'-Nucleotidase, alkaline phosphodiesterase, leucine naphthylamidase activities and protein were determined as previously described (Evans et al., 1973) .
Nucleotide pyrophosphate was assayed with UDP-galactose as substrate as described by Sela et al. (1972) and Mookerjea & Yung (1975) . Enzyme activities of disrupted lymphocytes and plasma membranes are determined at pH 8.6, since maximum hydrolysis of sugar nucleotides occurred at alkaline pH (Sela et al., 1972; Evans et al., 1973) . However, comparison of the enzyme activities of intact and disrupted lymphocytes was made at pH7.6 when cells remain viable and about 50% of the activity is measured (Sela et al., 1972) . The complete incubation mixture contained in 100,ul: 10808g of protein; 3umol of cacodylate buffer, pH8.6, or 5umol of KH2PO4/Na2HPO4, pH7.6; 2nmol of UDP-galactose (105c.p.m.); 0.54mol of MnCl2; 5,1 of a 10% solution ofTriton X-100 (used in pH8.6 incubations only). Enzymic activity was measured at 37°C for 15min and stopped by adding 100l 1 ofethanol and 50,ul ofacetic acid. Particulate material was removed by centrifuging the reaction mixture at 3000rev./min for Snmin, and applying a portion of the supernatant to Whatman 3MM paper. Reaction products were separated by descending chromatography for 18h in a solvent system containing ethanol/lM-sodium acetate buffer, pH3.8 (15:6, v/v), and monitored by scanning in a Packard radiochromatogram scanner model 7201 before cutting out strips corresponding to the peak areas for determination of radioactivity by scintillation counting in a toluene-based scintillant [4g of 2,5-diphenyloxazole and 0.1 g of 1,4-bis-(4-methyl-5-phenyloxazol-2-yl)benzene dissolved in 1 litre of toluene]. By using the appropriate standards, it was found the UDP-galactose was hydrolysed initially to galactose 1-phosphate and then to galactose, the latter reaction occurring especially with isolated plasma membranes.
Results
Although 5'-nucleotidase is a well established lymphocyte plasma-membrane marker (Crumpton & Snary, 1974) , there is little information available on the subcellular location of nucleotide pyrophosphatase and alkaline phosphodiesterase activities. (Vitetta & Uhr, 1973) and erythrocytes (Hubbard & Cohn, 1973) results mainly in the labelling of tyrosine residues exposed to the medium. The nature of the labelled molecules on the lymphocyte surface membrane was studied directly by extraction of 125I-labelled cells with the detergent Nonidet P40, which, in the present experiments, 10-3 xApparent molecular weight Fig. 2 . Polyacrylamide-gel electrophoresis 125I-radioactivity profile of enzymically iodinated lymphocyte plasma membranes The plasma-membrane fraction was prepared and labelled with 125I by using the lactoperoxidase/glucose oxidase catalysis method described in the Experimental section. The apparent-molecular-weight scale was obtained by using a series of reoviral protein markers of known molecular weight. Vol. 159 solubilized >90% of the radioactivity present in washed lymphocytes. Addition of a mouse anti-(liver plasma-membrane nucleotide pyrophosphatase) antiserum to detergent extracts of lymphocytes resulted in an immunoprecipitate, that, when analysed by polyacrylamide-gel electrophoresis, contained only one major peak of radioactivity of apparent mol.wt. 110000-115000 in non-reducing conditions (Figs. la-c) and 130000 under reducing conditions (Fig. Id) . The iodinated protein was present on both B and T classes of lymphocytes (see the Experimental section). The extremely close correspondence of the molecular weight of the iodinated immunoprecipitated product to that of the mouse liver plasma-membrane enzyme strongly suggested that nucleotide pyrophosphatase was iodinated, and thus located at the outer aspect of the lymphocyte plasma membrane. lodination of isolated spleen lymphocyte plasma membranes showed that one of the peaks of radioactivity present was of apparent mol.wt. 130000 (Fig. 2) , in agreement with other reports (Ladoulis et al., 1974; Juliano & Behar-Bannelier, 1975; Anderson et al., 1976) . A component of similar apparent molecularweightto the immunoprecipitated peak is thus available for iodination in isolated plasma membranes. Since isolated lymphocyte plasma membranes consist mainly of closed vesicles of a right-side out configuration (Allan & Crumpton, 1970; Misra et al., 1974) , this result can also be interpreted to suggest a location for nucleotide pyrophosphatase on the outer aspect of the plasma membrane.
To demonstrate a direct combination of the mouse liver plasma-membrane nucleotide pyrophosphatase antiserum with the enzyme in lymphocytes attempts were made to demonstrate antigenantibody interaction. Passage of Nonidet P40 extracts of spleen lymphocytes through a Sepharose column containing covalently attached antiserum against mouse liver plasma-membrane nucleotide pyrophosphatase indicated retention of enzyme activity, whereas protein and leucine naphthylamidase activitywererecovered (Table 2 ). This resultsuggested a direct combination between the liver anti-(nucleotide pyrophosphatase) antiserum and the enzyme of lymphocytes.
Discussion
Enzymically catalysed iodination of perfused liver and isolated hepatocytes showed that nucleotide pyrophosphatase is a sialoglycoprotein of apparent mol.wt. 130000 located at the outer aspect of the rat and mouse hepatocyte plasma membrane (Evans et al., 1973; Evans, 1974; Bischoff et al., 1975 Bischoff et al., , 1976 . Previous observations (e.g. Bischoff et al., 1970) showing that various nucleotidea were rapidly hydrolysed when added to the isolated haemoglobin-free perfused livor were thus explained.
The purified nucleotide pyrophosphatase of mouse liver (Evans et at., 1973) and rat liver (Bischoff et al., 1974) were shown to hydrolyse a range of substrates containing a nucleotide pyrophosphate bond, and also to behave as an alkaline phosphodiesterase, hydrolysing the artificial substrate thymidine 5'-monophosphatep-nitrophenyl ester. The preictions of Touster et al. (1970) , based on similarities in the kineticsofhydrolysis ofthe physiological and artificial substrates by the liver plasma-membrane enzyme, were thus confirmed. However, although more direct evidence for activity towards nucleotide pyrophosphate and phosphodiester bonds in the case of lymphocytes must await the purification of the enzyme, the results strongly argue that the present enzyme has a similar location and substrate specificity in lymphocytes. Isolated lymphocytes hydrolysed UDP-galactose, and this enzyme was found to be increased in specific activity (relative to the homogenate) in a plasma-membrane fraction to an extent similar to that shown by alkaline phosphodiesterase and 5'-nucleotidase activities. An antiserum raised against the purified mouse hepatocyte plasma-membrane enzyme immunoprecipitated a single iodinated component that was of similar molecular size in extracts of lymphocytes that were previously surface-labelled with 125I. Bystudying the inhibitory properties of an antiserum raised against mouse liver plasma membranes towards the 5'-nucleotidase activity of mouse and rat liver and pig lymphocyte plasma membranes, Gurd & Evans (1974) showed that there are strong antigenic similarities between plasma-membrane ectoenzymes that cross not only tissue bafriers, but also species barriers. Riemer & Widnell (1975) showed that a 5'-nucleotidase partially purified from a number of rat tissues showed similar properties. The present results then add to the picture that there are classes of glycoproteins with enzymic activity on mammalian cell surfaces that show common antigenic and molecular properties. Indeed, studies of cells of disparate function, e.g. lymphocytes and platelets (Tanner et al., 1974) , soem also to indicate that polypeptides of similar molecular-weight classes are iodinated by the lactoperoxidase procedure.
The present demonstration of nucleotide pyrophosphatase/alkaline phosphodiesterase activity on the outer aspect of the lymphocyte plasma membrane adds to the list of cells in which this activity has been similarly located, e.g. hepatocytes (Bischoff et al., 1970) and a variety of; cultured cell lines (Deppert et al., 1974; Sela et al., 1972) . Monneron (1974) also showed histochemically that UDP-galactose was hydrolysed by thymocyte plasma membranes.
Since glycosyltransferases are also claimed to be present on the lymphocyte cell surface (Cacan et al., 1976) , the presence of two categories of ectoenzymes that may compete for the same substrate should be borne in mind in devising models [see Shur & Roth (1975) for a review] invoking cell-surface glycosyl. transferases to explain cell recognition and adhesion. Ectoenzymes hydrolysing ATP were shown to be present on a variety of eukaryotic cell surfaces by Trams & Lauter (1974) and De Pierre & Karnovsky (1974a,b) , and nucleotide pyrophosphatase activity mayaccountfor at least part ofthis hydrolyticactivity.
The exact function ofa nucleotide pyrophosphatase residing on lymphocyte and other mammalian cell surfaces is not fully understood. The enzyme may function to exclude the entry of nucleotides into cells e.g. RNA-degradation products, or may serve to conserve cellular nucleotides, by ensuring, in conjunction with nucleotide phosphohydrolases (e.g. 5'-nucleotidase), their hydrolysis in the plasma membrane to nucleosides. Specific mechanisms exist for the transport of nucleosides into cells (Berlin & Oliver, 1975) . Liberation of adenosine into serum by lymphocytes could cause vasodilation (Dobson et al., 1971) , thus ensuring movement of these cells through narrow blood vessels. Clearly, knowledge of the topography of plasma-membrane enzymes is a first step towards determining their possible implication in the transport and metabolism of nucleotides by mammalian celIs. 
